Introduction
The RPTPs are a large protein family with eight subtypes based on diverse extracellular domains [1, 2] . The type IIa RPTPs, composed of three members in vertebrates, leukocyte common antigen-related (LAR), PTPs, and PTPd, contain typical cell adhesion immunoglobulin-like (Ig) and fibronectin III (FNIII) domains, suggesting the involvement of RPTPs in cell-cell and cell-matrix interactions [2] [3] [4] . Studies on the roles of RPTPs in the central nervous system (CNS) had initially focused on axon outgrowth, guidance, and regeneration [1, 2, 4] . More recently, however, many cell biology studies have demonstrated novel roles of RPTPs as presynaptic proteins that transsynaptically interact with multiple postsynaptic partners to mediate synaptic adhesion and synapse organization [5] [6] [7] [8] [9] [10] [11] [12] . These RPTP-based complexes act in a similar manner and often in parallel with complexes of presynaptic neurexins with postsynaptic neuroligins, leucine-rich repeat transmembrane neuronal proteins (LRRTMs), or cerebellin-glutamate receptor-d (GluRd) [13] [14] [15] . Furthermore, despite a lack of structural homology or common postsynaptic binding partners, RPTPs and neurexins share a key organizational feature: alternative splicing of each of these presynaptic protein families controls their affinity of interaction with multiple postsynaptic binding partners. In other words, both RPTPs and neurexins display splice-selective binding codes with diverse postsynaptic partners. Accumulating evidence indicates that these two parallel synapse organizing pathways cooperate in the development of many synapses and are linked through presynaptic and postsynaptic intracellular pathways. Further, the genes encoding RPTPs and their postsynaptic partners are associated with neuropsychiatric disorders including autism and schizophrenia [16] [17] [18] [19] [20] , as are like deleterious mutations in the genes encoding neurexins and partners [13, 21] , supporting the possibility that aberrant synaptic organization might be a fundamental pathogenesis of neuropsychiatric disorders. We review recent evidence for trans-synaptic interaction between presynaptic RPTPs and their multiple postsynaptic partners and the functions of these complexes in synapse development. Further, we discuss the possible physiological significance of the apparent hub design of RPTP-based as well as neurexin-based synapse organizing complexes.
Structure of RPTPs LAR, PTPs, and PTPd are encoded by three independent genes and share overall 66% amino acid identity [22] . Each contains extracellular Ig and FNIII domains, modified by alternative splicing, which mediate diverse extracellular protein interactions. By contrast, RPTP intracellular protein interactions are less diverse and involve the two intracellular protein tyrosine phosphatase (PTP) domains, the membrane-proximal D1 domain with robust catalytic activity and the membrane-distal D2 domain with residual or no catalytic activity [2] [3] [4] (Figure 1 ). RPTPs undergo constitutive proteolytic processing generating an extracellular subunit that remains noncovalently bound to the phosphatase domain subunit [4] , but the
